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1
NONVOLATILE MEMORY APPARATUS
HAVING MAGNETORESISTIVE MEMORY
ELEMENTS AND METHOD FOR DRIVING
THE SAME

CROSS-REFERENCES TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C.
§119(a) to Korean application number 10-2011-0032227,
filed on Apr. 7, 2011 in the Korean Intellectual Property
Office, and which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Technical Field

The present invention relates to a semiconductor memory
apparatus and a method for driving the same, and more par-
ticularly, to a nonvolatile memory apparatus having magne-
toresistive memory elements that store magnetization states
as information and a method for driving the same.

2. Related Art

As portable communication devices are widely used, high
performance is desired for memory elements or logic ele-
ments included in the devices. For example, high integration,
high speed, and low power consumption may be preferred.

Recently, a new nonvolatile memory using a magnetic
substance, magnetic random access memory (MRAM) using
atunnel magneto resistance effect, has been commercialized.
Research is being conducted for higher performance as
described for MRAM. MRAM changes the free direction of a
free layer of a memory cell by using a magnetic field gener-
ated by an electric current flowing between a bit line and a
word line. MRAM requires a predetermined switching mag-
netic field to drive itself. Furthermore, MRAM requires the
minimum area to secure the minimum switching magnetic
field. When MRAM is highly integrated, a risk of disturbance
increases.

Currently, research is being conducted on spin torque
transfer MRAM (STTMRAM) that provides a spin-polarized
electrical current to one side and changes the direction of a
free layer through spin transfer of electrons. STTMRAM can
change the polarity of the free layer through spin injection for
each memory cell. Thus, since a required current is reduced as
the cell size decreases, STTMRAM is advantageous for high
integration.

Referring to FIG. 1, STTMRAM generally includes one
transistor (not illustrated) and one magnetic tunnel junction
(MTI) M. Such STTMRAM requires a reference cell to read
data. In FIG. 1, BL represents a bit line, and SL represents a
source line.

Referring to FIG. 2, STTMRAM may include a reference
cell array separately installed on one side of a single cell array
that includes a plurality of single cells where each single cell
comprises one transistor and one MTJ. The reference cell
array is configured to provide a reference voltage. The single
cell array includes a plurality of bit lines BL. The reference
cell array may be configured to include a smaller number of
reference cells (not illustrated) than the number of single cells
in the single cell array. Therefore, the reference cell array may
occupy a small area. However, since a reference voltage hav-
ing a voltage of H-L/2 that is an average of high voltage (H)
and low voltage (L) is provided from the reference cell array,
a sensing margin is relatively small. In FIG. 2, BLR repre-
sents a reference voltage line.
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FIG. 3 illustrates another cell array having a different form
from the single cell array. Referring to FIG. 3, the cell array
includes bit lines BL and bit line bars BLB which are alter-
nately arranged. When any one cell of abit line BL. is selected,
a corresponding cell of a bit line bar BLB having a comple-
mentary relation with the bit line BL is used as a reference
cell. Such a structure is referred to as a twin cell structure.

In the twin cell structure, a difference between a voltage
(for example, H) applied to the bit line and a voltage (for
example, L) applied to the bit line bar during a data read
operation becomes a sensing margin (H-L). Therefore, the
twin cell structure has a sensing margin two times larger than
that of the single cell array. However, since a reference line
(reference cell) should be provided at every bit line, the area
of'the twin cell structure becomes two times larger than that of
the single cell array.

SUMMARY

In one embodiment of the present invention, a semicon-
ductor memory apparatus includes a source line, a first bit line
disposed over the source line, a second bit line disposed under
the source line, a first memory cell between the source line
and the first bit line, and a second memory cell between the
source line and the second bit line.

In another embodiment of the present invention, a semi-
conductor memory apparatus includes a source line, a mode
selection unit configured to selectively provide a voltage to
the source line according to a write or read mode, a cell
switching element coupled to the source line, a first memory
cell coupled between the cell switching element and a bit line,
and a second memory cell coupled between the cell switching
element and a bit line bar where the voltage of the bit line bar
is complementary to the voltage of the bit line. The source line
is between the first and second memory cells.

In another embodiment of the present invention, a method
for driving a semiconductor memory apparatus includes
charging a source line with a first voltage level, applying a
second voltage level to a first bit line electrically coupled to a
first memory cell positioned over the source line, wherein the
second voltage level is complementary to the first voltage
level, applying the first voltage level voltage to a second bit
line electrically coupled to a second memory cell positioned
under the source line, and using one memory cell selected
from the first and second memory cells as a reference cell, and
sensing data stored in the other memory cell.

In another embodiment of the present invention, a method
for driving a semiconductor memory apparatus includes
charging a source line with a first voltage level, applying the
first voltage level or a second voltage level to a first bit line
coupled to a first memory cell positioned over the source line,
wherein the second voltage level is complementary to the first
voltage level, applying a voltage level that is complementary
to the voltage level of the first bit line to a second bit line
coupled to a second memory cell positioned under the source
line, and sensing values stored in the first and second memory
cells from currents corresponding to the first and second
memory cells.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, aspects, and embodiments are described in con-
junction with the attached drawings, in which:

FIG. 1 is a schematic cross-sectional view of a conven-
tional magnetoresistive memory element;

FIG. 2is aschematic plan view of a conventional single cell
array including a reference cell array;
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FIG. 3 is a schematic plan view of a conventional twin cell
array;

FIG. 4 is a schematic diagram of a semiconductor memory
apparatus having magnetoresistive memory elements in a
write mode according to an embodiment of the invention;

FIG. 5 is a schematic diagram of the semiconductor
memory apparatus having magnetoresistive memory ele-
ments in a read mode according to an embodiment of the
invention;

FIG. 6 is an equivalent circuit diagram of the semiconduc-
tor memory apparatus having magnetoresistive memory ele-
ments in the read mode according to an embodiment of the
invention;

FIG. 7 is a circuit diagram illustrating the cell array struc-
ture of a semiconductor memory apparatus having horizontal
source lines according to another embodiment of the inven-
tion; and

FIG. 8 is a circuit diagram illustrating the cell array struc-
ture of a semiconductor memory apparatus having vertical
source lines according to another embodiment of the inven-
tion.

DETAILED DESCRIPTION

Hereinafter, a nonvolatile memory apparatus having mag-
netoresistive memory elements and a method for driving the
same according to the present invention will be described
below with reference to the accompanying drawings through
exemplary embodiments. FIG. 4 is a diagram explaining a
write operation of a semiconductor memory apparatus
according to an embodiment of the invention. FIG. 5 is a
diagram explaining a read operation of the semiconductor
memory apparatus according to an embodiment of the inven-
tion.

Referring to FIG. 4, a semiconductor memory apparatus
100 according to an embodiment of the invention includes
first and second memory cells 110 and 120 disposed sym-
metrically in a vertical direction, with a source line SL in
between.

The first memory cell 110 is positioned between the source
line SL and a first bit line BL, and may include a first fixed
layer 112, a first information storage layer 114, and a first free
layer 116, which are sequentially stacked over the source line
SL.

The second memory cell 110 is positioned between the
source line SL and a second bit line BLB, and may include a
second fixed layer 122, a second information storage layer
124, and a second free layer 126, which are sequentially
stacked under the source line SL. The first and second fixed
layers 112 and 122 may be formed of a ferromagnetic mate-
rial including Ni, Co, or Fe, such as, for example, NiFe, CoFe,
NiFeB, CoFeB, NiGeSiB, or CoFeSiB. The first and second
information storage layers 114 and 124 may be formed of
MgO, for example. The first and second free layers 116 and
126 may be formed of a ferromagnetic material including Ni,
Co, or Fe, such as, for example, NiFe, CoFe, NiFeB, CoFeB,
NiGeSiB, or CoFeSiB.

The first bit line BL. may be coupled to the first free layer
116, and the second bit line BLB may be coupled to the
second free layer 126. Furthermore, the first bit line BL. and
the second bit line BLB are coupled to first and second current
sources I1 and 12, respectively, so as to receive complemen-
tary voltage levels. The first and second current sources 11 and
12 are configured to selectively provide a high-level voltage
VH or low-level voltage VL to the first and second bit lines BLL
and BLB. The high-level voltage VH may include a power
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supply voltage or internal voltage, and the low-level voltage
VL may include a ground voltage.

The semiconductor memory apparatus 100 according to
various embodiments may further include a switching ele-
ment (not illustrated) between the source line SL and the first
and second memory cells 110 and 120. The switching ele-
ment will be described below in more detail with reference to
FIG. 6.

A mode selection unit 150 may be, for example, a mode
selection transistor driven in response to a mode signal
MODE. Accordingly, the mode selection unit 150 will also be
referred to as the mode selection transistor 150. The mode
selection transistor 150 is coupled to a third current source 13
to provide a high-level voltage VH or low-level voltage VL to
the source line SL in response to the mode signal MODE such
as a write enable signal WE or read enable signal RD.

The first and second bit lines BL. and BL.B may maintain a
complementary relationship. Also, a constant voltage may be
provided to the source line SL. Therefore, data stored in the
first and second memory cells 110 and 120 may also maintain
a complementary relationship.

An operation of writing data in the information storage
layer 114 or 124 will be described below.

The write enable signal WE is applied to the mode selec-
tion transistor 150 to provide a voltage of the third current
source 13 to the source line SL. At this time, the source line SL
may receive a high-level voltage VH.

The fixed layers 112 and 122 are magnetized in a first
direction (—) and the free layers 116 and 126 are magnetized
in a second direction (<—) perpendicular to the first direction.
The magnetization may be via an external magnetic field or
electric field. Then, an electric current in one direction is
applied from the fixed layers 112 and 122 or the free layers
116 and 126. When a spin-polarized electric current is applied
from the fixed layer 112 and 122 by the high-level voltage VH
from the third current source 13, the information storage
layers 114 and 124 are magnetized in the first direction (—)
corresponding to the magnetization direction of the fixed
layers 112 and 122.

When a spin-magnetized electric current is applied from
the first or second layer 116 or 126 by the first and second
current sources I1 and 12 applying a selective high-level volt-
age VH to the corresponding free layers 116 and 126, an
information storage layer selected from the first and second
information storage layers 114 and 124 is magnetized in the
same second direction (<) as the magnetization direction of
the corresponding free layer 116 or 126.

Then, predetermined data are written into the information
storage layers 114 and 124.

FIGS. 5 and 6 are diagrams explaining a read operation of
the semiconductor memory apparatus according to an
embodiment of the invention. FIG. 6 is an equivalent circuit
diagram of the nonvolatile memory apparatus of FIG. 5.

Referring to FIGS. 5 and 6, a sense amplifier 160 is coupled
between the first and second bit lines BL and BLB.

When a read enable signal RD is applied through a gate of
the mode selection transistor 150, the third current source 13
provides a low-level voltage VL to the mode selection tran-
sistor 150.

A word line signal WL is applied to any one of cell switch-
ing elements 130 positioned between the source line SL and
the first and second memory cells 110 and 120. For example,
if the high-level voltage VH is applied to the first bit line BL.
and the low-level voltage VL is applied to the second bit line
BLB, the first memory cell 110 has resistance in a high state,
and the second memory cell 120 has resistance in a low state.
The first memory cell 110 may serve as a reference cell of the
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second memory cell 120, and the second memory cell 120
may serve as a reference cell of the first memory cell 110.

Since the sense amplifier 160 is coupled to the first bit line
BL receiving the high-level voltage VH and the second bit
line BLB receiving the low-level voltage VL, the sense ampli-
fier 160 considers the first and second memory cells as one
unit memory cell, and senses data stored (written) in the unit
memory cell as current values flowing in the first and second
memory cells. Accordingly, the sensing margin of the sense
amplifier 160 becomes VH-VL.

The first and second memory cells 110 and 120 according
to an embodiment are formed in such a structure that they are
stacked symmetrically in a vertical direction with the source
line in between. Therefore, the first and second memory cells
110 and 120 substantially have an area corresponding to that
of a single cell array. Furthermore, since the first and second
bit lines receive individual voltages as described above, it is
possible to secure a sensing margin corresponding to a volt-
age difference applied between the first and second bit lines.

The source line SL. may be arranged in various ways as
described below.

Referring to FIG. 7, source lines SL.<0:n>may be arranged
in parallel to word lines WL<0:n> for transmitting a word line
signal WL. Each of the source lines SL<0:n> and a corre-
sponding one of the word lines WL<0:n> form pairs, and are
arranged to cross bit line pairs BL<0:3>-BLB<0:3>, thereby
to implement a memory cell array. A bit line pair BL.<i>-
BLB<i>is formed by each of the BL<0:3>and a correspond-
ing one of the BLB<0:3>.

Referring to FIG. 8, the source lines SL.<0:n> may be
arranged in parallel to the bit line pairs BL.<0:3>-BLB<0:3>
formed from bit lines BL.<0:3> and BLB<0:3>, and arranged
perpendicular to the word lines WL<0:n>. In this case, the
source lines SL.<0:n>and the bit line pairs BL.<0:3>-BLB<0:
3> composing one memory cell may be disposed to be sepa-
rated from each other by a space defining one memory cell.

According to the above-described embodiment, the unit
memory cell of the semiconductor memory apparatus is
formed by using the first memory cell coupled to the bit line
and the second memory cell coupled to the bit line bar, and the
first and second memory cells are stacked symmetrically in a
vertical direction with the source line in between. Accord-
ingly, since the first and second memory cells have a stacked
structure, it is possible to reduce the area to the area ofa single
cell array, without the need for the reference cell array.

Furthermore, according to the currents corresponding to
the first and second memory cells, the semiconductor
memory apparatus may read a value of a corresponding
memory cell. Since the voltage between the bit line and the bit
line bar may be sensed to measure the currents of the first and
second memory cells, the sensing margin is increased two or
more times than when a reference cell is used.

Furthermore, the semiconductor memory cell apparatus
has substantially has a twin cell array structure in an area of a
single cell structure. When the first memory cell is read, the
second memory cell serves as a reference cell, and when the
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second memory cell is read, the first memory cell serves as a
reference cell. Therefore, it is possible to secure a high sens-
ing margin and a sensing characteristic without increasing the
area.

While certain embodiments have been described above, it
will be understood to those skilled in the art that the embodi-
ments described are by way of example only. Accordingly, the
semiconductor memory apparatus described herein should
not be limited based on the described embodiments. Rather,
the semiconductor memory apparatus described herein
should only be limited in light of the claims that follow when
taken in conjunction with the above description and accom-
panying drawings.

What is claimed is:

1. A semiconductor memory apparatus comprising:

a source line;

a mode selection unit configured to selectively provide a
voltage to the source line according to a write or read
mode;

a cell switching element coupled to the source line;

a first memory cell coupled between the cell switching
element and a bit line; and

a second memory cell coupled between the cell switching
element and a bit line bar, wherein voltage of the bit line
bar is complementary to the voltage of the bit line, and

wherein the source line is between the first and second
memory cells.

2. The semiconductor memory apparatus according to
claim 1, wherein the mode selection unit comprises a MOS
transistor driven in response to a write enable signal or read
enable signal.

3. The semiconductor memory apparatus according to
claim 1, wherein the cell switching element comprises a MOS
transistor driven in response to a word line selection signal.

4. The semiconductor memory apparatus according to
claim 1, wherein the bit line is coupled to a first current
source, the bit line bar is coupled to a second current source,
the mode selection unit is coupled to a third current source,
and each of the first to third current sources is configured to
selectively provide high-level and low-level voltages.

5. The semiconductor memory apparatus according to
claim 1, wherein the first and second memory cells define one
unit memory cell.

6. The semiconductor memory apparatus according to
claim 1, further comprising a sense amplifier coupled
between the bit line and the bit line bar and configured to read
values stored in the first and second memory cells.

7. The semiconductor memory apparatus according to
claim 1 wherein the second memory cell is stacked vertically
with the first memory cell.

8. The semiconductor memory apparatus according to
claim 1 wherein the first memory cell and the second memory
cell are disposed symmetrically in a vertical direction about
the source line.



